Incorporating social and economic relationships, together with ecological sustainability objectives into models to provide management advice creates a number of challenges, particularly when this advice requires complex trade-offs between objectives. This is further complicated by differences in quality and quantity of data across fisheries, and difficulties in quantifying some measures, particularly around social objectives and outcomes. Internationally, a wide variety of approaches have been used, some as part of the formal management strategy evaluation process, and others more exploratory. In this paper, we outline the general challenges around incorporating multiple objectives into models for management advice under different levels of data availability. We present three case Australian study fisheries where different approaches have been used to include social, economic and ecological considerations, reflecting the differences in data types and availability. We focus on Australian fisheries as these were among the first in the world to embrace a management objective of maximizing net economic returns as the primary objective of fisheries management, and, more recently, social objectives have increasingly been promoted in fisheries management. Quantifying the latter has created challenges for the development of fisheries models, requiring innovate ways to link the different components.
Introduction
Fisheries management globally is characterized by multiple objectives. However, these objectives are generally not clearly specified, and are often more implicit than explicit. While most fisheries legislation globally is concerned with maintaining resource (and environmental) sustainability foremost, achieving these is often complicated by the potential social and economic consequences that may be explicitly or implicitly considered in fisheries legislation. As noted by Hilborn (2007) , apparent fisheries management "failures" may actually reflect success in other objectives.
Studies of management objectives around the world have identified three core areas, namely economic, social, and environmental sustainability (e.g. Mardle et al., 2002; Cheung and Sumaila, 2008; Ward and Kelly, 2009; Cowx and Van Anrooy, 2010; Péreau et al., 2012) . Others have considered additional objectives, namely political (Crutchfield, 1973; Hilborn, 2007) , food security, and income generation (Charles, 1989) . These latter objectives are often considered components of broader social objectives, although in other cases are considered separately. A common feature of these studies is the recognition that the relative importance of these objectives varies by stakeholder group. Differences in these priorities may underlie conflict within the fisheries management process, primarily between the fishing industry (who aim to pursue their own interests in the fishery), fisheries managers (who aim to represent the broader community) and other stakeholder groups (e.g. conservation groups, processors). The identification of these differences in objective priorities is generally claimed to improve the management process by increasing transparency, and allowing compromise solutions to be identified that best match the differing objective weightings.
In contrast, failure to adequately identify and prioritize management objectives may lead to ad hoc and subjective decision making. While this still may result in these objectives being partially achieved, formal consideration of these objectives in a more structured decision-making process can provide additional benefits over ad hoc approaches (McDaniels, 1995) .
In Australia, as elsewhere, there is increasing interest in developing approaches to assess management strategies taking into consideration a broad range of objectives. The Australian Commonwealth (i.e. Federal Government) were among the first fisheries jurisdictions to adopt maximizing net economic returns as a primary management target as a means to capture both economic efficiency and ecological sustainability. Many Australian States have also identified social as well as economic objectives of management as important, while consideration of social objectives is also being undertaken at the Commonwealth level (Brooks et al., 2015) .
Concurrently, models and decision-making processes are being developed to support fisheries management in a multi-objective framework. Ideally, such models would include quantitative relationships for each of the three components, with the outcomes under each objective determined by these relationships and the management scenario modelled. In practice, however, this is not always possible. Difficulties in quantifying some of the relationships, particularly around social objectives, and differences in the quantity and quality of data available on the fisheries in general have resulted in many different modelling approaches being developed and applied. These range from qualitative approaches based on expert opinion (e.g. Dichmont et al., 2013b) to complex composite models Plagányi et al., 2013; Fulton et al., 2014) that have been used to assess management strategies taking into account social, economic, and ecological interactions.
The aim of this paper is to outline the different approaches that have been used in modelling multiple objectives of management in Australian commercial fisheries. First, we outline the empirical work that has been undertaken to identify and prioritize fisheries management objectives in Australia. Then, we present three case study fisheries where multiple objectives have been modelled using a variety of approaches reflecting the quantity and quality of data available. Finally, we outline the general challenges based on our experiences around incorporating multiple objectives into models for management advice.
Multiple objectives of fisheries management in Australia
As with the international studies previously cited, studies in Australia have identified commonality in the broad objective sets, but differences in priorities between different stakeholder groups, and across different jurisdictions . Responsibility for fisheries management in Australia is distributed between the different States and the Commonwealth (i.e. Federal Government). In general, States are responsible for managing fisheries within the first three nautical miles, and the Commonwealth has responsibility for the remainder of the Australian Fishing Zone. However, recognition that fishery resources often ignore such boundaries has led to the development of a series of agreements between the Commonwealth and States (known as offshore constitutional settlements (OCS)), under which management responsibility is fully divested in either one jurisdiction or the other (Haward, 1989) . While each OCS differs depending on the particular circumstances, as a rule fisheries resources (i.e. stocks) that are solely or largely within waters of a single State are managed by that State, while fisheries resources that straddle States, or occur fully outside State territorial waters, are largely managed by the Commonwealth.
At the Commonwealth fisheries level, management formally has an objective of maximizing sustainable economic returns (DAFF, 2007) , defined primarily in terms of sustainable fishery profits over time. However, fishing in all jurisdictions (State and Commonwealth) is also subject to environmental legislation that requires stock sustainability of both target and non-target species (Department of Sustainability, Environment, Water, Population and Communities, 2012), and additional controls on the bycatch of certain iconic or threatened species and habitats. While social objectives are not formally accounted for in Commonwealth Fisheries Management Act (1991), the recognition that individuals and communities may be adversely affected by management is an important consideration in decision making. (For some fisheries, such as those in Torres Strait, social objectives are explicitly included. These will be discussed in the case study later in the paper.) Pascoe et al. (2009b) found that managers actively considered the impacts of management on local communities and other fleets, but given the constraints of the legislation considered these as minimizing externalities rather than achieving social objectives per se.
At the State level, studies on fisheries management objectives have been undertaken for several fisheries Brooks et al., 2015; Jennings et al., 2016) . As well as environmental and economic objectives, these studies also identified a range of social objectives, and identified a governance component in some States which focused on how the fishery was to be managed as well as the desired outcomes. For example, the governance component in Queensland considered enhancing flexibility in management, minimization of management costs and minimization of "red tape" in the fisheries (i.e. minimize transaction costs to the industry) .
In each of the above studies, a broad range of stakeholders were surveyed to determine objective importance. The types of stakeholder groups surveyed differed, although industry and managers were common to all surveys. These groups tend to have the greatest influence on day-to-day management decision making in Australian fisheries, so a comparison of their objective important weightings provides an overview of key priorities in Australian fisheries management. Rescaling the State studies to remove the governance objective, the relative importance of economic, social, and environmental objectives is given in Figure 1 .
Despite having an explicit target of maximum economic yield (MEY), both Commonwealth managers and fishers tended to ascribe a lower importance to economic objectives than their State counterparts, with industry tending to give this a higher weighting than managers. In contrast, social objectives generally had a relatively low weighting across the different stakeholder groups. While social considerations are a key feature of most States' fisheries legislation (Brooks et al., 2015) , these have been generally loosely defined, and have not been consistently and explicitly applied in fisheries management decision making . This historicallack of influence may have resulted in the consideration of the importance of these objectives being lower than if they had been explicitly developed earlier. (Another interpretation, raised by a commercial fisher in a workshop, was that social objectives could not be achieved without the fishery being sustainable and profitable, so that prioritizing the latter two will lead to social objectives being achieved. This, however, assumes a lexicographic preference set rather than explicit trade-offs between social, economic, and environmental objectives.)
Identifying appropriate social objectives is not straightforward. The social objectives identified in these broader studies, and illustrated in Figure 1 , largely focused on the employment impact in
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Modelling multiple management objectives the fishery and local community, as well as equitable access to the resource, with fishing employment seen as the most important social objective Jennings et al., 2016) . In contrast, a separate national study undertaken with fisheries managers and policy makers suggested that employment was not an appropriate fisheries management objective, as this was affected by a range of factors outside the decision maker's influence (Brooks et al., 2015) . Instead, ensuring fisheries benefits flowed to regional economies, equity, and the provision of appropriate infrastructure were seen as the most important social responsibilities of managers, along with ensuring flexibility within the management system . For some Australian fisheries, cultural fishing is an important component, while in many northern States encouraging participation by indigenous fishers is also seen as an important social objective (van Putten et al., 2013a; Pascoe et al., 2014) .
How have objectives been applied in a modelling context?
Given the complexity of many fisheries objectives, particularly social objectives, a range of approaches have been used in Australia to assess different management strategies. These have ranged from qualitative approaches to quantitative modelling, as well as combinations of the two.
In this section, we present three case study fisheries where modelling approaches have been applied to assess management options from a multi-objective perspective. These are-in order of modelling complexity-the Queensland east coast prawn fishery, the Northern Prawn fishery (NPF) and the Torres Strait Rock lobster fishery (Figure 2 ), all located in the Northeast of Australia. We present these case studies as they use different approaches to estimate multi-objective outcomes, and present these outcomes in different ways.
Queensland east coast trawl fishery
The Queensland east coast trawl fishery is a State-managed multispecies trawl fishery dominated by eastern king prawns, tiger prawns, endeavour prawns, scallops, and bugs. (Bugs are crustaceans similar in appearance to a small prehistoric lobster and are found in the tropical and subtropical waters of Australia and parts of southeast Asia.) The fishery runs the length of the Queensland east coast (Figure 2 ), although most fishing activity takes place in the southern third of the fishery, focusing on eastern king prawns and scallops. Fishing in the other two-thirds is undertaken by a relatively small proportion of the fleet seasonally targeting tiger and endeavour prawns. Much of the fishery ( 60%) takes place within the Great Barrier Reef Marine Park within approved fishing zones. The fishery, managed through tradeable effort quotas, has been undergoing a management review since 2012.
A study undertaken as part of the management review found that Queensland fisheries have a wide range of management objectives (Table 1) , many of which are difficult to quantify. Further, information in the form of biological models were absent for many of the species, and information on economic parameters-important to assess economic objectives-were also scarce. Baseline information and a means to model and/or measure changes in the social outcomes also did not exist.
Given the data-poor nature of the fishery, and the broad range of objectives that the managers and industry hoped to achieve, a qualitative management strategy evaluation process was developed based around expert opinion. (This approach was originally applied to assess different spatial management options in Commonwealth fisheries by Pascoe et al. (2009a) .) Through a series of workshops with industry and other stakeholders, four different management strategies for the fishery were developed: a slightly modified version of the current system (with some additional seasonal controls); an effort quota system with spatially different decrementation rates to allow in-season adjustment of fishing activity; separation of the fishery into regions that roughly aligned to the different sectors; and a variation of the latter that allowed access to all regions, but with the addition of a separate access fee for each, with the funds generated to be used to help reduce overall effort in the fishery (Dichmont et al., 2013b) . The set of operational objectives were also established through a series of workshops with the same groups of stakeholders. Economic objectives included maximizing industry profit and the value of the tradeable units; social objectives included maximizing onshore and offshore employment, ensuring equity between the different sectors and improving the quality of life of coastal communities; governance objectives included simplifying management and minimizing management costs; and sustainability objectives included ensuring the sustainability of the fishery resource and the broader ecosystem. In total, some 23 individual operational objectives were identified. These objectives were prioritized using the analytic hierarchy process (Saaty, 1980) through an email survey of stakeholders, including industry, managers, conservation groups, processors, recreational fishers, and the general community .
The relative impact of the different management systems against these objectives was derived from a further workshop with industry, managers, and scientists with expertise in both the fishery and fisheries management. Each workshop participant was asked to estimate the impact of the management system on a seven-point scale (3, 2, 1, 0, 21, 22, 23) relative to the current management system, with a value of 3 representing a substantial improvement in the objective, 23 representing a substantial deterioration in performance against the objective, and zero indicating no change. Individuals were free (and were encouraged) to discuss their views with other participants, but each provided an individual assessment.
Each individual's objective weighting set (n) was multiplied by each of the estimated impacts against the objective (m), giving an n × m set of combined scores for each management system. This allows both the heterogeneity in preferences and the uncertainty in impact to be captured in full in the analysis. The resultant distributions of the combined score for each management system were plotted and compared (Figure 3 ), allowing the "best" strategy to be identified from each stakeholder groups' perspective (Dichmont et al., 2013b) .
A key outcome of the analysis was that a strategy (the sector access levy, or SAL in Figure 3 ) was identified which was overall consistent with the objectives of all the different stakeholder groups. This was despite complex trade-offs in objectives, and different objective preferences of the stakeholders. Similarly, the modified status quo (MSQ in Figure 3 ) was consistently the worst performing option. This allowed further development and refinement of the preferred strategy, and buy-in from all stakeholder groups concerned.
Northern prawn fishery
The NPF is a Commonwealth managed multispecies tropical prawn (shrimp) fishery. The NPF has one of the longest histories of model development in Australian fisheries for use in management, with a range of tactical biological and bioeconomic models being developed over the last 30 years and used to estimate optimal fleet size, target fishing effort levels, seasonal closures, and other specific management issues . The fishery essentially has two components-a tiger prawn fishery (which is based on two tiger and two endeavour prawn species) and banana prawn fishery, each of which is spatially and, to a large extent, temporally separate. Most of the modelling effort has historically been applied to the tiger prawn fishery, largely as a stock recruitment relationship for these species can be established. The main species have previously been overfished requiring the development of stock assessment models and management interventions to aid in the recovery of these species. In contrast, the banana prawn fishery is highly stochastic in terms of recruitment, largely driven by environmental factors (rainfall in particular), with no apparent relationship between catch, effort, and subsequent recruitment (Venables et al., 2011) .
The NPF is one of the first globally to introduce MEY as the main management target . (As MEY is essentially a single-species equilibrium concept, this has been operationalized in the multispecies fishery as the level of effort that maximized discounted fisher profits over time.) While primarily still a single objective, this effectively encompasses both economic and sustainability objectives. The existing stock assessment-based models used for determining target effort levels for the tiger prawn sub-fishery were based on a maximum sustainable yield (Dichmont et al., 2003 (Dichmont et al., , 2006 . These needed to be modified to include economic considerations. These bioeconomic models also demonstrated the compatibility between economic and ecological sustainability objectives in the fishery (Dichmont et al., 2008; Kompas et al., 2010) , demonstrating the low ecological footprint of the fishery under the MEY management target. This modelling work also ultimately contributed to the NPF's subsequent Marine Stewardship Council accreditation in 2012 (MRAG Americas, 2012).
As a key economic consideration is the price received for the prawns, which is based on their size, the biological models also needed extensive revision, moving to a size-based model operating on a weekly time frame (Punt et al., , 2011 . These models form the basis of the current assessment models used to estimate MEY effort level targets in the fishery (e.g. Buckworth et al., 2015a,b) , although refinements to the model are continually being made (e.g. Deng et al., 2015) . While MEY is an equilibrium concept, the models are dynamic, and hence the objective function of the model is to maximize the discounted flow of profits over time, subject to the constraint that an equilibrium solution is achieved within a seven-year period. This is a constantly moving target, as changes in costs and prices (due to exogenous factors such as 
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Modelling multiple management objectives exchange rate movements) result in a different estimate of MEY and a different transition path each year. The available effort level (expressed as a combination of days available for fishing and the amount of gear that can be used) for the following year is given by that estimated by the model. Recently, the fishery has moved to a 2-year assessment cycle to provide greater stability (rather than changing trajectories every year) on a trial basis (Buckworth et al., 2015a) . The types of key outputs the tiger prawn fishery bioeconomic model produces is presented in Figure 4 (Buckworth et al., 2015b) . The vertical dotted line represents the limit of historic data, with points to the right of the vertical line (i.e. from 2014 onwards) representing model output. The model estimates the level of effort that should be applied to each of two fishing strategies (defined by area and the week fished and labelled Fleet Brown and Fleet Grooved in Figure 4 ) that maximizes the net present value of fishery profits over a 50 years period with a discount rate of 5%, with the condition that stocks of the key target species are at their equilibrium level (Smey) within 7 years.
Although current management focuses on MEY, the implications of other objectives in the NPF are also currently being explored. In particular, the trade-off between achieving MEY and variability in profits from year to year, particularly given the high variability in the banana prawn fishery, has been considered. A bioeconomic model combining the key elements of the current tiger prawn model as well as a stochastic component representing the banana prawn fishery was developed to assess the impacts of different effort allocation strategies between the two fisheries (i.e. banana prawn and tiger prawn fisheries) as well as different fleet sizes on both discounted fishery profits and variability of profits (Gourguet et al., 2014) . While a larger fleet could result in higher levels of average profit, this is also accompanied by higher variation ( Figure 5 ). Conversely, a smaller fleet would reduce variability in profits, but also at a substantial cost in terms of annual profits.
While resource sustainability is a key biological objective, the fishery is also subject to other environmental objectives that have been assessed using a range of different models. A spatially explicit Figure 3 . Distribution of combined scores for each management option by stakeholder groups. Decr is an effort decrementation system; MSQ is a modified status quo; Sep is separating the fishery into different regions with individual effort quotas for each; and SAL involves a sector (regional) access levy. While no option is stochastically dominant, the SAL option has consistently low probability of a negative score (i.e. a loss), and the highest probability of a score of 2 or greater for all stakeholders. Source: Dichmont et al. (2013b) . This figure is available in black and white in print and in colour at ICES Journal of Marine Science online.
version of the bioeconomic model was linked to an Ecopath with Ecosim model (Christensen and Walters, 2004) to assess potential trade-offs between economic objectives, resource sustainability, benthic impacts and ecosystem function, and how different marine protected areas perform under each of these objectives . The outcomes were not aggregated, and no single management scenario was identified as the best across all objectives.
The model of Gourguet et al. (2014) has also been further developed using a viability analysis framework (Péreau et al., 2012) to examine broader environmental as well as economic objective outcomes. Rather than optimizing, viability analysis uses stochastic simulation approaches to determine the likelihood that the fishery will remain above some minimum acceptable level of each objective (e.g. minimum stock level, minimum profits, etc.) under a given harvest strategy. The model focuses on economic and resource sustainability as well as an additional environmental objective to minimize bycatch of a protected species (Gourguet et al., in press ).
The existing management focused models of the NPF do not consider social objectives as they are not considered part of the Commonwealth Fisheries Harvest Strategy Policy and Guidelines (DAFF, 2007) , although these are of increasing interest to Commonwealth policy makers (Brooks et al., 2015) . Approaches such as viability analysis and optimization approaches such as goal programming hold the potential to allow these objectives to be built into existing models, and will no doubt feature in future developments in modelling the fishery.
Torres strait rock lobster fishery
The third case study-the Torres Strait Rock Lobster (TSRL) fishery-combined a number of different modelling and nonmodelling approaches to capture the effects of social factors on management outcome, as well as the effects of management options on social outcomes. The TSRL is a single-species fishery based on the ornate rock lobster Panulirus ornatus. The fishery is geographically located between northern Australia and Papua New Guinea (PNG) (Figure 2) , and as it is a shared stock, is managed by the Commonwealth under a treaty with PNG (the Torres Strait Treaty), which also established a Torres Strait Protected Zone (TSPZ). The same species is also fished off Queensland's East Coast but is separately managed by the State. The TSRL also falls under the jurisdiction of the region's Protected Zone Joint Authority mandate, and as such has other objectives, including to improve the economic development of the traditional inhabitants (Islanders) and maintain (or increase) Islander traditional way of life and livelihoods/employment. The Australian TSRL fishery has a small (in terms of vessel numbers) non-Islander commercial fleet that currently is allocated 43% of the catch, and a much larger islander based fleet that is allocated 57% of the catch. The islander fleet itself consists of a small number of full time commercial fishers, a larger number of fishers who supplement their income from fishing, and a small number who fish primarily for cultural reasons (Plagányi et al., 2012 (Plagányi et al., , 2013 . As with other Commonwealth fisheries, MEY is an important objective, although the application of this has largely been targeted to the non-islander component of the fishery.
Unlike the previous two case fisheries, the TSRL has a strong social component. This includes encouraging islander participation in the fishery for livelihood reasons as well as maintaining traditional practices. The Torres Strait Treaty established the TSPZ, with the principal purpose being "to acknowledge and protect the traditional way of life and livelihood of the traditional inhabitants including their traditional fishing and free movement" (Article 10.3 of the Torres Strait Treaty). Given the complexity of the management system, a package of models were developed aimed at assessing the triple bottom line outcomes of different allocations between the islander and non-islander fishers, as well as different management strategy outcomes (Plagányi et al., 2012 (Plagányi et al., , 2013 , outlined in Figure 6 . These included the use of a Bayesian Network model to assess how the islander sector might respond to different management strategies and allocations , and a separate model of fleet adjustment of the non-islander fleet under different quota allocations . These in turn determine the level of available effort in the fishery in each fleet. The implications of these effort levels were assessed using a bioeconomic model, building on existing stock assessment models in the fishery, which provided information on the economic outcomes to both islander and non-islander fleets (Plagányi et al., 2012) . A more qualitative approach, based around participatory methods and workshops with different islander communities, was also developed to assess the social outcomes of different quota scenarios (van Putten et al., 2013a) .
Important social objectives that emerged from these analyses included to maintain community coherence, and to ensure equity in access for the different islands. Potentially more important is maintaining the islanders' sense of ownership over the resource, as there are strong cultural links with the fishery that go beyond just harvesting (Plagányi et al., 2013; van Putten et al., 2013a) . The challenge for management was to balance the social, cultural and economic needs of the islanders with the primarily economic objectives of the non-islander commercial fishery.
Unlike the Queensland East Coast trawl case study, the outcomes were not aggregated over the different objectives to provide a ranking of each management strategy. The relative importance of each objective was not assessed, and each objective was considered separately. The overall triple bottom line outcomes were presented as a series of "traffic lights" (Caddy, 2002) , with improvements in performance indicated in green, and deterioration in red (Plagányi et al., 2013) .
Discussion
The three case studies presented above where chosen as they illustrate a diverse set of approaches in modelling fisheries management options given multiple objectives. The choice of each approach was largely based on the complexity of the system and the level of information available. For example, in the Queensland east coast trawl fisheries, no existing biological or bioeconomic model could be used to assess the outcomes under these objectives, while many of the social objectives were difficult to quantity. There was also a wide range of stakeholder groups with an interest in the management outcomes. In contrast, the NPF-a highly commercial fishery-has no formal social objectives, and both sustainability and economic objectives for the fishery could largely be captured within the objective of achieving MEY. The fishery was also data rich, with a long history of both biological and bioeconomic models upon which the assessment model could be developed. Finally, the TSRL had a well-established stock assessment model, upon which a bioeconomic model could be built, but also had a complex social component that needed to be considered and which could not be easily quantified. As a result, a set of approaches were required, some qualitative and others quantitative, to assess the triple bottom line outcomes under the different management strategies.
In some fisheries, such as the NPF, management is largely focused on a single objective, and there is only one main stakeholder group-the industry-which largely shares this objective. The aim of the models is to calculate an optimal solution that best meets the stated objective (subject to other constraints that may be imposed). In such cases, optimization as a modelling technique is both appropriate and desirable. More typically, as seen in the other two case studies considered, the analysts' main purpose is to make explicit the trade-offs between alternative, often conflicting, objectives as a basis for decision making by stakeholders and managers. Increasing transparency in this way and making clear the trade-offs associated with different options can improve stakeholder buy in and facilitate strategic planning for any potential negative impacts arising from a change in management strategy (Plagányi et al., 2013) .
The extent to which analysts should aim at identifying a "preferred" strategy given these trade-offs is still a grey area in fisheries management in Australia. The different cases studies applied different approaches to the issue of aggregating the objective outcomes. For the Queensland East Coast trawl fishery study, the outcomes under the different objectives were aggregated to give a single score. In the other two case studies, the economic, environmental, and (in the TSRL) social objectives were presented separately. Aggregation requires explicit trade-off between higher level objectives (i.e. economic, social, and environmental) to be assessed and measured; something policy makers and stakeholders are not always comfortable in doing (Gregory, 2002) . Critics of aggregation claim that it leads to an undesirable loss of information, particularly if the outcomes widely differ in terms of their individual objective outcomes (Lenzen, 2011) . For example, one strategy may have a positive economic outcome and a negative social outcome, while a second has the reverse. Aggregation into a single score masks this detail, and may potentially discriminate against a third strategy that has positive social and economic outcomes but at a lower level. In contrast, by not aggregating, the decision as to which strategy is the best is left to the subjective assessment of the decision maker, who will apply an implicit set of weights to each outcome in their decision. These weights may differ from the stakeholder groups (as seen in the objective weighting studies highlighted earlier), potentially leading to difficulties in implementing the strategy. Further, with heterogeneity even within decision makers, the final management decision may be depend on the set of preferences of who is in the room as much as the set of outcomes (Pascoe et al., 2009b) . In contrast, by assessing an overall optimal strategy from each of the stakeholders' perspectives and a given set of outcomes, then potential conflicts can be identified, and participatory methods used to find further compromise solutions.
Whether aggregating or not, there also remains the issue as to who defines the objectives, and who's weightings are most important in determining an optimal outcome. Often, objectives are only loosely defined in policy or legislation and operational objectives may vary from fishery to fishery. Different stakeholders also have different objectives. The approach used in the Queensland east coast trawl study aimed at identifying the objectives of a wide range of stakeholders, as well as the importance the groups placed on these objectives. It was more fortuitous than expected that the optimal management policy was the same for each stakeholder group, but for different reasons. Usually, it could be expected that differences in objective weightings could lead to different "optimal" strategies from the different stakeholder perspectives. By capturing a wide range of views, potential conflicts between stakeholders (who may prefer different outcomes) can be anticipated. 
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The viability analysis approach recently developed in the NPF (Gourguet et al., in press) does not aim to identify an "optimal" outcome and hence does not require objective weightings, but instead aims to ensure at least a minimal acceptable levels for each of the objectives. This itself raises additional issues: for example, while any stock levels above a limit reference point may be considered "acceptable" to some degree, it is far from desirable (and is counter to the current Commonwealth Harvest Strategy Policy). Quantifying acceptable levels of social and economic objectives is also highly subjective. Studies based around the limits of acceptable change framework have found that perceptions of these limits varies substantially between individuals and stakeholder groups (e.g. Ahn et al., 2002; Roman et al., 2007) , resulting in similar issues as those with determining appropriate objective weights (e.g. which set of minimal acceptable levels to use). Further, once a set of viable options have been identified, identifying which option to implement still requires some implicit weight for each of the objectives.
The Australian experiences have also identified the difficulty in quantifying basically qualitative objectives, as most social objectives tend to be. In some cases, these were subjectively quantified (e.g. in the Queensland case study), while in others they were not quantified at all, but evaluated in a participatory framework (e.g. the TSRL case study) where they remained fully qualitative. Similarly, the Australian experience has illustrated the difficulty in deriving "universal" economic and social objectives in the same way progress has been made with biological objectives. Both social and economic objectives varied by case study, although some commonality was found, e.g. ensure equity and maximize industry profits. Reviews of management objectives elsewhere have also identified a wide range of social and economic objectives (e.g. Mardle et al., 2002; Hilborn, 2007; Cheung and Sumaila, 2008; Hilborn et al., 2012) . This lack of a common set of objectives suggests that each analysis needs to start with the identification of the objectives of relevance to those particular stakeholders, and determination of their relative weights. Even if future analyses reveal common social metrics that can be measured by "default", the relative importance of these to the different stakeholder groups will vary substantially across groups and across fisheries.
Conclusions
The Australian experience has identified four key challenges for modelling multiple objectives in fisheries: (i) the importance of relative weights of objectives; (ii) pros and cons in the tools available for conveying multiple objectives; (iii) challenges in the definition of the objectives, especially those of a social nature; and (iv) the need for stakeholder buy-in in the process. For the first point, objective weightings are required at some point to assess trade-offs and determine the "best" management option. Development and incorporation of the weights into the analysis provides objective and transparent outcomes that can form the basis of any additional participatory decisionmaking process. Without explicit weights, trade-offs are assessed implicitly by the different stakeholder groups, which may hinder rather than help participatory decision making.
The Australian experiences also demonstrated that there are a number of different ways that multiple objectives can be modelled and the results presented, each with different advantages and disadvantages. In the cases presented above, the modelling approach has been chosen based on data availability and also the complexity of the issues, including an evaluation of how best to present the results to the different stakeholder groups (i.e. an aggregated or disaggregated results).
Third, some objectives are difficult to define and more so to measure and model. This is particularly the case for social objectives, many of which were best assessed qualitatively to a large extent. Incorporating these into a quantitative framework provides additional challenges and creative solutions. From the case studies above, different approaches were applied in the different fisheries based on what seemed the most appropriate given the nature of the objective and the stakeholders involved.
Finally, the Australian experience has been that buy-in from stakeholders is more important when considering multiple objectives than when we consider just the more traditional biological objectives Plagányi et al., 2013) . While biological sustainability is basic to the continuing existence of the fishery, as we have shown above different groups have different ideas about both what constitutes and appropriate social and economic objective, and how important each is when considering trade-offs.
The importance of a more holistic consideration of biological, socio-political, and economic factors is highlighted by the failure of fishery management systems that have ignored complex sociopolitical settings (e.g. Hilborn, 2007; Ö sterblom et al., 2011; Raemaekers et al., 2011) . Increased development of co-management in many fisheries worldwide is both required for, and contributing to, the development of multi-objective management.
